University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln
Library Philosophy and Practice (e-journal)

Libraries at University of Nebraska-Lincoln

5-20-2021

A Brief Bibliometric Survey on Microstrip Antennas for Machineto-Machine (M2M) Communication in Smart Cities
Vardaan Saproo
Symbiosis International University, vardaan.saproo.btech2018@sitpune.edu.in

Stuti Choudhary
Symbiosis International University, stuti.choudhary.btech2018@sitpune.edu.in

Smriti Priya
Symbiosis International University, smriti.priya.btech2018@sitpune.edu.in

Seepja Payasi
Symbiosis International University, seepja.payasi.btech2018@sitpune.edu.in

Sanjeev Kumar
Symbiosis International University, sanjeevkumar@sitpune.edu.in

See next page for additional authors

Follow this and additional works at: https://digitalcommons.unl.edu/libphilprac
Part of the Engineering Commons, and the Library and Information Science Commons

Saproo, Vardaan; Choudhary, Stuti; Priya, Smriti; Payasi, Seepja; Kumar, Sanjeev; and Tupe-Waghmare,
Priyanka, "A Brief Bibliometric Survey on Microstrip Antennas for Machine-to-Machine (M2M)
Communication in Smart Cities" (2021). Library Philosophy and Practice (e-journal). 5721.
https://digitalcommons.unl.edu/libphilprac/5721

Authors
Vardaan Saproo, Stuti Choudhary, Smriti Priya, Seepja Payasi, Sanjeev Kumar, and Priyanka TupeWaghmare

This article is available at DigitalCommons@University of Nebraska - Lincoln: https://digitalcommons.unl.edu/
libphilprac/5721

A Brief Bibliometric Survey on Microstrip Antennas for Machine-to-Machine
(M2M) Communication in Smart Cities
Vardaan Saproo, Stuti Choudhary, Smriti Priya, Seepja Payasi, Sanjeev Kumar,
Priyanka Tupe-Waghmare

Department of Electronics & Telecommunication, Symbiosis Institute of Technology, Symbiosis
International (Deemed University), Lavale, Pune-412115, Maharashtra, India.

vardaan.saproo.btech2018@sitpune.edu.in, stuti.choudhary.btech2018@sitpune.edu.in,
smriti.priya.btech2018@sitpune.edu.in, seepja.payasi.btech2018@sitpune.edu.in,
sanjeevkumar@sitpune.edu.in, priyanka.tupe@sitpune.edu.in
ABSTRACT:
Stupendous progress in heterogeneous communication technologies has allowed smart city
gadgets to communicate with one another. However, these communication technologies are not
able to offer the connectivity that is needed in smart cities because of the coexistence of hundreds
and thousands of devices, which leads to various problems like, high energy consumption,
interoperability support among the heterogeneous wireless networks, interference management,
scalable wireless solutions, and mobility management. Machine-to-Machine (M2M)
communication is one of the key enablers for advanced applications and services. The aim of this
bibliometric review is to understand the extent of the existing literature for the area of M2M
communications in smart cities using Microstrip antennas. This bibliometric analysis is majorly
based on the Scopus database and tools such as VOSviewer and ScienceScape. The research
articles published between the years 2013 to 2021 were considered. We observed from this
bibliometric analysis that the major publications found are from conference papers, articles and
conference reviews by Indian publications followed by Irish, Japanese and Chinese publications.
The majority of the contribution is by the subject areas of Engineering, Computer Science, Physics
and Astronomy, Material Science and Mathematics.
Keywords: Antenna, Microstrip, Microstrip Antenna, Machine-to-Machine (M2M), Smart cities.

1. INTRODUCTION
Machine-to-Machine communication (or M2M communication) refers to the direct
communication between devices/machines using any communication channel (wired or wireless).
Figure 1 shows various applications of M2M communication. M2M communication finds its
application in remote monitoring. Utilities companies depend on machine-to-machine devices and
their applications to bill customers by using smart meters, harvest energy and also to detect on site

factors (pressure, equipment status, temperature, etc.). Machine to machine devices are also useful
for keeping track of a patient's vital statistics and dispensing medicine when required. They are
transforming and improving the process of mobile payment for different purchasing behaviours.
M2M technology is also incorporated in smart home systems. The use of machine-to-machine
technology in embedded systems has enabled technologies such as home appliances to have real
time control in the operations. It has also enhanced the ability to communicate remotely. M2M
communication plays a vital role in robotics, remote-control software, controlling traffic, security,
and logistics management.

Figure 1: Applications of M2M technology.

In high-performance applications of M2M communications, where cost, performance,
aerodynamic profile, size, weight, and simple installation are constraints, small low-profile
antennas are needed. At present, there are a huge number of commercial and government
applications, like wireless communications and mobile radio, that have similar specifications. To
fulfil these requirements, microstrip antennas (also referred to as patch antennas) are often used.
These antennas are generally conformable to planar and nonplanar surfaces, low profile, simple
and cheap to manufacture using modern printed-circuit technology. When mounted on rigid
surfaces they are mechanically robust, and after the actual patch mode and shape are selected, they
become very versatile in terms of resonant polarization, frequency, impedance, and radiation
patterns. Also, by adding additional loads between the patch and hence the ground plane, like pins

and varactor diodes, adaptive elements possessing a variable resonant frequency, polarization, and
radiation patterns, impedance, are often designed.

Figure 2: A Microstrip Patch Antenna Design using Ansys HFSS.

Figure 2 shows a simple rectangular microstrip patch antenna designed using Ansys HFSS. This
antenna has a resonating frequency of 2.4 GHz. A simple microstrip antenna is made of a ground
plane and a conducting patch. A dielectric medium known as substrate, having a particular value
of dielectric constant, is kept between them. The dimension of a patch is small as compared to that
of the substrate and the ground. W1 and L1 represent the width and the length of the patch. W2
and L2 are the dimensions of the microstrip line. H is the height of the substrate. The dimensions
of a microstrip patch antenna are dependent on the value of the dielectric constant and the resonant
frequency. The thickness of the ground plane is not of much importance. Figure 3 shows some
common shapes of microstrip patch elements. The radiating patch comes in many shapes, as shown

in the figure below but, rectangle, square, dipole and circle are the most commonly used shapes
because they are easy to analyse and fabricate and have favourable radiation characteristics.
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Figure 3: Different Shapes of Microstrip Patch Elements.

2. PRELIMINARY DATA COLLECTION
The above-mentioned paper is articulated by forwarding the query to the Scopus repository using
the keywords - “Antenna”, “Microstrip” AND “Machine to Machine” OR “M2M” AND “Smart
Cities” OR “Smart City” as shown in Table 1 given below. The following keywords were passed
as query strings to obtain the likelihood results.
Table 1: Planned structure of primary & secondary keywords assigned. Source:
http://www.scopus.com (content referred on 13th May 2021)

By using the above-mentioned keywords, 48 documents were filtered out which were all published
in English language as shown below in Table 2.

Table 2: Details of the publications in different languages. Source: http://www.scopus.com (content
referred on 13th May 2021)

The majority of popular keywords associated with the selected documents are listed below. Table
3 gives a precise count of these keywords appearing in the earlier publications related to microstrip
antennas.
Table 3: List of Principal keywords on Microstrip antennas. Source: http://www.scopus.com
(content referred on 13th May 2021)

The following pie chart distribution clearly describes the percent wise distribution of the count of
the principal keywords that were used in the earlier publications on topics related to the field of
Microstrip antennas & their growth in the field of Machine-to-Machine Communication.

Figure 4: Percentage Distribution of Principal keywords on Microstrip antennas.
Source: http://www.scopus.com (content referred on 13th May 2021)

3. Bibliometric Information and Performance Analysis of Acquired Data:
After putting up the query using the mentioned keywords on Scopus repository, the required
information got retrieved in “.csv” file extension and expressed in the following terms for further
analysis:
1) The information of the documents by year wise publications, year wise publication by different
sources, subject-area wise publication count, funding sponsor, geographical locations around the
world, individual authors, affiliations, etc. is used for statistical analysis of the data.
2) Another crucial point which is to be put into account is about visualization of the data fetched
from Scopus repository in the form of various graphs & network diagrams. The information used
for the following is based on Citation analysis and keyword analysis (network visualization).
4. Results and Observation
4.1 Data Analysis at Preliminary Stage

Documents related to the influence of microstrip antennas for M2M communication is obtained
for an interval of past nine years and the mentioned data for the years 2013 to 2021 is depicted in
Table 4.
Figure 5 indicates the number of publications from 2013 to 2021. There is a hefty increase in
publications in the year 2018, which is 10 times more than that in the year 2013.A sudden drop is
observed in the year 2016. Further, it is clear that there exists a considerable gush in the research
area after that year.

Table 4: Statistics for year wise Publications in accordance with the given keywords.
Source: http://www.scopus.com (content referred on 13th May 2021)
and
Figure 5: Year wise count of publication breakup. Source: http://www.scopus.com (content
referred on 13th May 2021)

From Figure 6, it can be visualised that most popular source titles among the various sources of
information were, “I

Antennas and Propagation Society AP S International Symposi m

Digest” and “Lect re Notes in

lectrical

ngineering”. Meanwhile, “Microwave and Optical

Technology Letters” also had a significant number of documents published between 2013 and
2015.

Figure 6: Year wise publication on the basis of count of the source. Source: http://www.scopus.com
(content referred on 13th May 2021)
Table 5: Statistics for Subject Area wise Publications. Source: http://www.scopus.com (content
referred on 13th May 2021)

Table and Figure 7 collectively show the subjective Area wise comparison for the acquired data in
Microstrip antenna publications. It is to be noted that from the following figure, the most amount
of research is in the engineering sector followed by computer science, physics & astronomy. It is
also noted that least part of the research is being performed by environmental science and energy.

Figure 7: Subjective Area wise comparison on obtained data. Source: http://www.scopus.com
(content referred on 13th May 2021)

Fig 8 indicates the major funding agencies which have sponsored the research work being carried
out on the mentioned topic of microstrip antennas. These include the Engineering and Physical
Sciences Research Council, Science Foundation Ireland, UK Research and Innovation etc. among
others who have also been funding the research in this area.

Figure 8: Documents obtained on the basis of Sponsors involved in Funding. Source:
http://www.scopus.com (content referred on 13th May 2021)

The obtained Table 6 clearly indicates that most publications are from India, having a count of 11
between (2013-2021) followed by Ireland and Japan, each contributing 5 papers. China, Pakistan,
UK & USA are among the other minor contributors with 3 papers each to their name.
Table 6: Statistics for Publications based on Countries. Source: http://www.scopus.com (content
referred on 13th May 2021)

The major focus here should be that the researcher should know the dependency of research is
more in which geographical area or country. It is validated from the below acquired map that
maximum researchers were of Indian background.

Figure 9: Research Documents available on the basis of Geographical locations. Source:
http://www.scopus.com (content referred on 13th May 2021)

Table 7 shows the eminent authors who have been making a noteworthy contribution in the
research field. The first author mentioned in the table (John, M.) is noted to have the maximum
number of publications (5) in this field of research to his name, whereas, those present on the
second, third and fourth row have (4) documents each to their name.
Table 7: Statistics for Prominent Authors in the field of research. Source: http://www.scopus.com
(content referred on 13th May 2021)

Referring to Table 8 given below, it is clear that the majority of publications have come through Trinity College Dublin, Techno logical University Dublin, Chiba Institute of Technology Nippon
Telegraph and Telephone Corporation, etc. among others.
Table 8: Affiliation Statistics of Top Universities in the field of research. Source:
http://www.scopus.com (content referred on 13th May 2021)

Below mentioned Figure 10 indicates the statistics of affiliations of the topmost universities
involved in this area of research. Interestingly, the top 2 universities associated with the research
belong to Ireland & Japan, respectively.

Figure 10: Universities with most Research Documents on the basis of Affiliations. Source:
http://www.scopus.com (content referred on 13th May 2021)

Table 9 displays the total documents published as per the type of document. From Figure 11 the
maximum number of documents published on the referred research are Conference Papers (32)
followed by Articles (9) and Conference Reviews (5).
Table 9: Document by Type. Source: http://www.scopus.com (content referred on 13th May 2021)

Figure 11: Source: http://www.scopus.com (content referred on 13th May 2021)

4.2 Bibliometric Analysis:
All the network diagrams mentioned from Figure 9 to Figure 16 are drawn and visualised utilising
VOSviewer and ScienceScape.

Figure 12 shows the main keywords, journals and authors obtained through the data collected
Scopus in tabulated form and the relation between the same is represented using Sankey Diagram
Figure 13.

Figure 12: Tabular Information: Authors, Keywords and Journals. Source: http://www.scopus.com
(content referred on 13th May 2021)

Figure 13: Sankey Diagram: Author-Keyword-Journal. Source: http://www.scopus.com (content
referred on 13th May 2021)

The top Keywords in the documents and the top Journals from the year 2013 to 2021, obtained
after the analysis of the data from Scopus are shown in tabular format in Figure 14 and Figure 15,
respectively.

vvvvvvvv vvvvvv vvvvvv vvvvvv vvvvvv vvvvvv vvvvvv vvvvvv vvvvvv v

Figure 14: Top Keywords: 2013 -2021 Source: http://www.scopus.com (content referred on 13th
May 2021)
vvvvvvvv vvvvvv vvvvvv vvvvvv vvvvvv vvvvvv vvvvvv vvvvvv vvvv

Figure 15: Top Journals: 2013 -2021 Source: http://www.scopus.com (content referred on 13th May
2021)

Figure 16 shown below represents the authors’ co-citation network diagram. Some of the
highlighted co-citations are those given by – Amman, M.J; Wong, K.; Chen, W, etc. among others.

Figure 16: Co-Citation of Authors: Source: http://www.scopus.com (content referred on 13th May
2021)

Figure 17 as shown beneath illustrates some keywords that are appearing in the same paper.
Some of the salient keywords to be highlighted are – M2M, Antenna, 5G, Smart Cities, etc.

Figure 17: Author Keywords appearing on Same Paper: Source: http://www.scopus.com (content
referred on 13th May 2021)

Figure 18 presents network visualization for keywords. Nodes with bigger size show keywords
that are mentioned frequently. They are viz. antenna, band, application, frequency, etc. Whereas
the keywords that need to be paid attention to include simulation, directivity, return loss,
processing, development, VSWR, patch, radiation pattern, substrate, etc.

Figure 18: Keywords Network Visualisation: Source: http://www.scopus.com (content referred on
13th May 2021)

Figure 19 displays the reference scape of the acquired data. It can be clearly seen from the
visualised representation that the major references are related to antennas.

Figure 19: Reference Scape: Source: http://www.scopus.com (content referred on 13th May 2021)

Table 10 beneath presents the top cited articles. The paper written by Loutridis A., John M., and
Ammann M. has been cited 15 times followed by another paper by them, which has been cited 11
times.
Table 10: Top Cited Articles: Source: http://www.scopus.com (content referred on 13th May 2021)

5. LIMITATIONS OF RESEARCH:
Bibliometric studies conducted in the following paper are only based on data from publications
obtained from the Scopus Database. Several other magazine articles, publications, and chapters of
books from other sources such as Google Scholar, Web Science, Delnet and Pearson could have
been considered in this regard. Yet, due to time constraints the study is therefore not included in
this following analysis. However, this limitation must be overcome for future research and the
additional information should be included in all ongoing studies for better specification. Even

though there are many other databases accessible to the public, the Scopus database remains
undeniably the most widely used and popular database among all to. This was one of the major
reasons for this study to be purely conducted based on data which was acquired through it. Another
limitation to consider in this research is that it is limited to only a single language i.e., English,
since it was the only language shared among the researchers writing this paper. This again is a
major setback for this paper. The proposed study requires attention in India and its top research
institutes. As top companies associated with the manufacturing and working of antennas like
Zebra, Abracon LLC, Pulse Larsen Antennas etc., are involved in speculation research, therefore,
there is a wide range of patents as well. Also, from updated keywords mentioned already in the
beginning of the paper to notifications, this research can also be viewed in a variety of areas such
as Machine to Machine (M2M) communication, or Multiple Input Multiple Output (MIMO)
technology. Empirical research mentioned is closely related to the distributed programs which will
lead to some important research in the near future.
CONCLUSION:
The purpose of this research was to get a good idea about the developments in the field of antennas.
For this, a detailed bibliometric study & survey was done. It will be providing rudimentary
guidelines to the budding researchers for learning the recent trends and help assess the research
process and productivity. All the required information was taken from Scopus Repository. The
focus was on Rectangular Microstrip Patch Antennas in Machine-to-Machine (M2M)
Communications. From the data collected and visualized in the above research paper as various
graphs and network diagrams, all the researchers who worked on this paper got a basic idea about
how many countries had been already involved in the mentioned field of study and how much
information they have gathered over the years. Scopus suggested around 200 articles which, after
using the relevant keywords, the authors of this paper were able to filter and get 48 articles
pertinent to the area of research. The analysis done on the data obtained from Scopus played a vital
role in guiding the research associated with the role of Antennas in Machine to Machine (M2M)
communication in the correct direction as it provided the authors with a deeper understanding of
the current research happening in the broad field of Antenna systems.
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